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Abstract 
Drilling induced in fibre reinforced polymer resulted in high rate of parts rejection and thus affects the in-service performance of 
the composite product. Therefore, the tensile testing of hybrid composite with drilled holes is necessary to render them 
satisfaction in industrial application.  The objective of the present research is to develop long kenaf composites and long 
kenaf/woven glass reinforced polyester resin composites. The tensile properties of those composites with drilled holes were 
investigated. The measurements were taken from the residual tensile strength of impacted specimens and the open hole 
specimens. From there, the damage area of the composites could be predicted. It is found that the long kenaf composite was more 
notch sensitive than long kenaf/woven glass hybrid composite.  The hybrid composite was stronger than long kenaf composite. 
However, the damage progression mechanisms in the two materials were similar. Failure for both kenaf composite and long 
kenaf/woven glass hybrid composite started around the hole. The polymer matrix failed initially followed by fibre–matrix 
debonding. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and peer-review under responsibility of The Malaysian Tribology Society (MYTRIBOS), Department 
of Mechanical Engineering, Universiti Malaya, 50603 Kuala Lumpur, Malaysia. 
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1. Introduction 
Kenaf or hibiscus cannabinus is an annual hibiscus plant. Kenaf fibres provide potential crop to replace tobacco 
plantations as well as encouraging the growth of agricultural based economies. The plant has bast fibres, which 
contains approximately 65.7% cellulose and 15.7% lignin, and offers the advantages of being biodegradable and 
environmentally friendly [1]. The properties of kenaf fibre reinforced composites can be improved by hybridizing 
with high strength synthetic fibre [2, 3]. 
The advantages of using polymer matrix composites (PMCs) over metals, ceramics, and plastics are low density, 
high specific stiffness and strength, low cost, light weight, flexibility in design, parts consolidation, dimensional 
stability and corrosion resistance. Glass fibre reinforced plastic composites are commonly used in aircraft 
applications that require high strength to weight ratios, due to its exceptional properties [4-5].  
Machining becomes imperative to ascertain the structural integrity of complex composite products. Hole making 
is one of the important machining operations to facilitate the assembly operations. Although a number of approaches 
have been used for making holes in composites laminates, conventional drilling till date is the most widely 
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acceptable and frequently practiced method [3]. There is a challenge on research of damage induced by drilling. 
Various approaches have been proposed to minimize damage induced by drilling, such as optimizing hole making 
via unconventional methods [6-9]. The effects of open hole on the strength and fatigue life of carbon/epoxy 
composite laminates have been studied [10]. The tensile behavior of uni-directional glass fiber reinforced polymer 
(UD-GFRP) laminates with drilled holes was also investigated [11].  
This article aims to report the effect of drilled hole to the mechanical behaviour of long kenaf composite with and 
without fibreglass reinforcement. The surface fracture, residual tensile strength and stiffness of natural 
fibre/fibreglass hybrid composites were investigated. Since the drilling induced damage is inevitable, this article will 
provide useful information on the damage progression and its influence on the strength of kenaf and kenaf hybrid 
composites. 
2. Experiments 
The long kenaf composites and kenaf/ woven glass hybrid laminates was fabricated via a cool pressure hand lay-
up process. In the composite fabrication, a standard unsaturated polyester resin was used as the matrix. The matrix 
material was prepared from an unsaturated polyester resin and a catalyst in a weight ratio of 100:2. There were two 
types of fibres used. Long kenaf fibres and woven fibreglass were used directly without any treatment. Innovative 
Pultration Sdn. Bhd is the company mainly supplied all types of fibre used in this research. The density of raw kenaf 
is 1.12g/cm3. 
A steel frame mould was manufactured in dimensions of which were 300 mm x 210 mm to prepare the composite 
laminates. The matrix materials were poured into the mould, followed by the arrangement of long kenaf fibre in uni-
directional alignment. The mould was covered by a plastic film for easy removal. A cold pressing was applied on 
the mould at a pressure of approximately 10kN load. The homogeneity of the end product was monitored without 
bubble formation. Finally, the specimens were taken out from the mould and cured for one day at ambient 
temperature. Samples were fabricated having parallel edges of dimensions 125 mm x 20 mm, following the BS EN 
ISO 527:1997. 
The same manufacturing method was applied to fabricate long kenaf/woven glass hybrid laminates. The 
laminates were prepared by layering of two different types of fibres. Two layers of fibreglass were formed with a 
dimension of 295 mm x 205 mm size. The average weight of fibreglass used in long kenaf/ woven glass hybrid 
composite laminates was 38 grams and 20%wt of kenaf fibre was mixed in all long kenaf/woven glass hybrid 
laminates.  
The dimension of open hole specimen is shown in Fig. 1. The hole were made by using a vertical hole drill 
machines with diameter sizes (D) of 1mm, 4mm, 6mm, 8mm, 12mm and 16mm for both long kenaf composites and 
long kenaf/woven glass composite 
 
 
 
Fig. 1. Open hole specimen 
 
The mechanical properties of the specimens were determined using a mechanical testing machine operating at a 
crosshead speed of 1 mm/min with a 25 mm extensometer attached to the specimen. The testing was done in 
accordance with standards ISO 527. Visual inspection around the damaged area of the impacted specimens was 
possible due to the semi transparency of the composite. The surface fracture and damage topography of long kenaf 
composite and kenaf/woven glass hybrid composite were observed using a Canon DSLR EOS1100 digital camera.  
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3. Results and Discussion 
3.1. Long kenaf composite 
Mechanical properties of pure long kenaf composite with open hole are shown in Fig. 2. There is a rapid decline 
in tensile strength when the size of hole increased from 1mm to 16mm. The composites lost more than 59% of their 
tensile strength when the hole was bigger than 8 mm. It was proven by a number of researchers [12-13] that 
laminate notched strength was usually decreased with increasing of notch size. In a small hole, the stress was 
reduced more steeply moving away from the hole.  There was a large flaw in the highly stressed region around the 
large hole, evidence in Table 1. The large flow causes the laminate to have poor strength when the hole is larger 
than 8mm [14-15]. 
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Fig. 2 (a) Effect of increasing hole sizes on the residual tensile strength and (b) Residual tensile stiffness of long kenaf composites  
As a preference to modulus, the term stiffness is used based on the understanding that it is an average modulus 
value over the length of the extensometer, as mentioned in BS EN ISO 527:1997. The modulus varied over this 
region due to the size of hole, which act as a damage area. The tensile stiffness was slightly drop in a manner similar 
to tensile strength for the kenaf composites when there was an increase in the size of hole, as shown in Fig. 2(b). 
However, it can be seen that the presence of hole did not cause a big effect on the stiffness, if compared to residual 
tensile strength. The similar phenomena also reported by Higgins et. al.[16]. When the loading was increased, the 
damage started around the hole due to stress concentration and the damage propagated around the region. Greater 
strain was created along the centre away from the edges for an open hole composite. However, this was hardly 
detected by the extensometers as their attachment points are relatively remote from the high strain region [16]. 
Therefore, the stress strain ratio was quite similar regardless the effect due to the size of holes.  
Table 1 shows the visual comparison of damage zone of the long kenaf composite before and after tensile testing. 
It was indicated that the failure of the drilled hole almost occurred perpendicularly to the direction of uni-axial 
loading. The similar behaviour also found in reference [12-13,15], and finite element results of the matrix tension 
damage pattern  in reference [14-15]. The matrix damage was due to detachment of the fiber–matrix bonding. The 
failure further propagated along the fiber–matrix interface. The crack propagation may be attributed to the 
combination of matrix damage and the shear failure around the drilled hole [15].  
It was interesting to find that the specimen with drill hole of 12mm did not crack at 90 degree along the axial 
loading. In Fig. 3, it is clearly seen that the failure propagation was blocked by the fibre although the matrix 
debonding is visible. Therefore, the failure mechanism of kenaf composite could be started by crack initiation at the 
matrix, followed by fiber–matrix debonding and then propagated along the fiber–matrix interface. 
 
 
 
 
 
(a) (b) 
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                  Table 1. Visual effect showing hole size of long kenaf composites before and after open hole tensile test  
 
Hole Size  1mm  4mm  6mm  8mm  12mm  16mm 
Before 
After 
 
 
 
   
Fig. 3 Failure mode of long kenaf composite containing 12mm hole size 
3.2. Long kenaf/woven fibreglass hybrid composite 
The long kenaf/woven fibreglass composites residual tensile strength and stiffness are shown in Fig. 4. The 
residual tensile strength and stiffness were decreased steadily by increasing the holes sizes. It was noticed that the 
long kenaf/woven glass hybrid composite had the greater residual tensile strength and residual tensile stiffness than 
long kenaf composites. This was due to the fibre blocked in the woven laminates. The blocking had reduced the 
level of fibre cracking in the woven. As a consequence, it provided more resistance to crack growth in the long 
kenaf/woven glass hybrid composite [16-18]. 
 
Fig. 4. Effect of increasing hole sizes on long kenaf/woven glass hybrid composites (a) Residual tensile strength and (b) Residual tensile stiffness 
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Table 2 tabulates the damage progression of kenaf/woven glass hybrid composite. Comparison of damage 
progression between pure kenaf composite and hybrid composite indicated a very similar damage and failure 
sequence.  
 
Table 2. Visual effect showing hole size on before and after open hole tensile test of long kenaf/woven glass hybrid composites 
 
Hole Size    1mm    4mm   6mm 8mm 12mm 16mm 
Before 
After 
 
 
It is clearly shown that the matrix damage took place initially around the drilled hole and then propagated further. 
As for the long kenaf/woven glass hybrid composite configuration, the matrix cracked in long kenaf plies followed 
by woven fibreglass plies to extensive delamination prior to failure. The effects by the cross-ply configuration are 
shown at the white zone damage area. Previous studies [17-18] also reported the similar failure behaviour. As a 
result, it is found that the long kenaf composite to be more notch sensitive than long kenaf/woven glass hybrid 
composite.  
4. Conclusion  
Kenaf composite and kenaf/glass hybrid composites were successfully fabricated using a combination of the hand 
lay-up method and the cold-press method.  Long kenaf composite lost more than 59% and 62.35% of their residual 
tensile strength and residual tensile modulus respectively. While for long kenaf/woven glass hybrid composites, they 
lost 53.73% and 47.32% of their residual tensile strength and residual tensile modulus respectively when the hole 
was bigger than 8 mm. The polymer matrix failed initially around the hole with a cracking sound followed by fibre–
matrix debonding and the failure may then propagate further along the fiber–matrix interface. The results showed 
that kenaf/glass hybrid composites were more dominant compare to kenaf composite due to the cross-ply 
configuration.  
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